EXERCISE TESTING early after a myocardial infarction has been advocated to establish prognosis,'-" to identify patients likely to have particularly unfavorable coronary anatomy8' I'-" who might benefit from aggressive diagnostic and therapeutic measures, and to identify those at "low risk' in whom such efforts are unnecessary."7 However, the ability of specific variables, such as ST segment depression or angina elicited during the test, to predict new events is uncertain since somewhat divergent results have been reported in the different study populations. In addition, only a few studies have combined the results of exercise testing with the clinical information available during the hospitalization to develop prognostic stratification. 8 19 To confirm the results of these smaller studies in a large heterogeneous group and to further refine the risk-stratification of patients after infarction, exercise testing was performed as part of a large multicenter postinfarction study of prognosis after myocardial infarction (MPIP).21 It was anticipated that the large heterogenous patient population drawn from nine centers across the United States would permit a generally applicable evaluation of the findings from the earlier, mostly smaller studies from single institutions. We also planned to evalute whether the exercise test added prognostic information above and beyond that which was already known from the available clinical and demographic information. Although radionuclide ventriculography and 24 hr Holter monitoring were used in the initial risk stratification,0 the results of these tests were not considered in this study in order to permit evaluation of the low-level exercise test exclusive of other expensive stratifying tests.
Methods
Patients under 70 years of age who were discharged from the coronary care unit after an acute myocardial infarction were eligible for enrollment. Patients were excluded from enrollment if they had life-threatening comorbidity or iffollow-up could not be arranged. From January 1, 1979 , to December 31, 1980, 1417 patients met the eligibility requirements at nine participating hospitals, and 866 patients consented to enrollment. A total of 853 patients were followed for 1 year. Approximately 45%/c of the patients were enrolled from three participating hospitals in New York City. 26% from three hospitals in Tucson, 15%c from two hospitals in St. Louis, and 14% from one hospital in Rochester, NY. Trained enrolling personnel interviewed the patients and reviewed their records during the hospitalization.
The diagnosis of definite acute myocardial infarction req uired two of the following: ( I) a history of central chest discomfort lasting 30 min or more, (2) electrocardiographic Q waves that fulfilled one of the abnormal Q wave criteria of the Minnesota Code2' with evolutionary ST and T wave changes on serial tracings, and (3) MB isoenzyme fraction greater than 4% of total creatinine kinase, or creatine kinase or aspartate transaminase elevation greater than the upper limit of normal for the hospital laboratory, for a minimum of 2 days after the clinical symptoms without other reasons for the elevation. Two hundred sixty-three patients met only the chest discomfort and enzyme criteria, and not the electrocardiographic criteria. Patients were followed by clinic visit or telephone at 3, 6, and 12 months after infarction. All but 13 patients were followed for at least 1 year.
During the follow-up period, 63 new fatal and nonfatal myocardial infarctions were verified by hospital records and met the same criteria as the qualifying infaretions. Nineteen patients who died did not meet all criteria but were judged by the MPIP Mortality Committee to have suffered a probable new myocardial infarction and were combined with the 63 patients for the total group of 82 new myocardial infarctions in the year after the infarction. Infaretionis occurring as the result of a cardiac procedure (bypass surgery or coronary angiography) were considered procedure-related and were not included as new infarctions.
The procedures followed in classifying each death have been previously described.)0 An independent MPIP Mortality Committee reviewed each death and categorized it according to its presumed underlying cause. Cardiac deaths due to atherosclerotic heart disease were used as end points in the analyses. Exercise testing. Of the 866 patients enrolled in the study, 841 were deemed capable of walking on the treadmill and were asked to perform the exercise test ( 18 patients had neuromuscular or peripheral vascular problems and seven died before the test could be considered). Fifteen patients refused because they were afraid of the test and 11 were not interested. Sixteen patients who agreed were unable to perform the test for logistic reasons. One hundred patients were advised against participation by their physicians. Physicians were not required to state the reasons for excluding their patients from the test, but the reasons included those listed below plus a general unwillingness to "'submit-their patients to the perceived risk of the test.
Thirty-two patients were additionally excluded by study personnel because of unstable angina, persistent rales involving more than the lower third of the lung fields, or inability to walk unaided 100 feet to the treadmill. Overall, of the 866 patients enrolled in the study, 667 patients (77%) took the low-level treadmill exercise test and 199 did not. The reasons for failure to take the test and the cardiac mortality in the subgroups are shown in figure 1.
The treadmill protocol has been described previously.12 The grade was 0%c for 3 min, 5%-c for the next or downsloping) were recorded at rest, maximum exercise, and recovery for each lead. The supine recovery records were compared with the supine pretest records, and the exercising records were compared with the standing pretest records. Significant ST segment depression was defined as horizontal or downsloping displacement greater than 1 mm compared with the corresponding resting tracing. The ST segments from patients with left bundle branch block were not interpreted, but patients with right bundle branch block were included in this analysis. The electrocardiogram was printed out continuously for 9 min before exercise, during the exercise test, and for 9 min after the test to count the total number and type of ectopic beats. Ventricular ectopic depolarizations (VEDs) and supraventricular ectopic depolarizations were counted during each of the three recording periods, a maximum of 27 min. "Couplets" were defined as two consecutive VEDs at any rate, and "runs'" were defined as three or more VEDs in a row.
Quality control. Completed data forms were scrutinized for errors by two data clerks. An extensive computer edit was undertaken before data were entered into a specially designed archival data management system on an IBM 3032 computer. Ten percent of the data in the file was checked against the original data forms and a negligible number of discrepancies were found. For each variable, the five highest and five lowest values were checked for spurious values, and individual patient data were displayed before being included in the database.
The exercise electrocardiograms were interpreted at each enrolling center. To ensure uniformity of ST segment data interpretation, samples of tracings from each center were overread by the authors at a joint meeting.
Data analysis. The hypothesis at the onset of the study was that the exercise test would identify patients with potentially ischemic ("jeopardized") myocardium after the myocardial infarction who would be at risk for new ischemic events. We evaluated time on the treadmill (workload performed),2 3. 7. 12. 21 development of angina during or after exertion,2,5,6,9 II. 12 5 maximum blood pressure attained during exercise,12ST segment depression',3. 5.6 1>15 ST segment elevation,16 and development of arrhythmias4 12 with a univariate analysis using Fisher's exact test of probability against these end points for the year after the infarction: cardiac death, new myocardial infarction, and coronary artery bypass surgery. These end points were not mutually exclusive.
A stepwise logistic regression procedure23 was performed on the exercise and clinical variables, and multivariate logistic regressions were performed on the clinical and exercise variables found to be significant in the stepwise analyses. The rank correlations between predicted probability and response for these models and the multiple logistic model performed with only the selected clinical variables were compared. The significance of the contribution of the exercise variables to the prediction of a given end point was calculated by subtracting the chi squares of the clinical features model from the combined model.
For this analysis we used age, New York Heart Association class, the degree of pulmonary congestion on chest x-ray, extensiveness of rales on the physical examination, and amount of ST segment depression on the qualifying electrocardiogram as ranked variables. A total of 622 patients had all the features evaluated and their data were entered into the model. The rank correlation between predicted probability and response for each model was used as an index of the ability of the model to predict the end point.
Results
Patients. The 667 patients who took the exercise test had a higher prevalence of features that have been associated with a good prognosis after a myocardial infarction than the 192 who did not take the test (excluding the seven patients who died before the test could be considered) (table 1). Not surprisingly, there was a higher cardiac mortality in the year after the infarction in the group that did not take the exercise test (p < .0001; table 2). Thus the ability to perform the exercise test (absence of any of the exclusions, physician and patient approval, plus the ability to walk 100 feet unaided) immediately defined a moderately lowrisk group for mortality in the year after the myocardial infarction.
The test was performed a mean of 14.8 days (range 5 to 57) after hospital admission; 423 patients performed the test by 14 days after hospital admission and 532 (80%) performed the test by 18 days. There were no deaths or infarctions as a result of the procedure. Two patients were admitted to the coronary care unit after the test, one because of angina and one because of congestive failure, but neither suffered lasting sequelae. A total of 398 patients completed the full 9 min test (60%). The most common reasons for stopping before completion (more than one reason could be given) were fatigue (122 patients, 18%) and angina (74 patients, 11%). Nine patients were stopped for a heart rate greater than 150 beats/min. The 1 year cardiac mortality in the patients who stopped for angina, dyspnea, fatigue, or dizziness ranged from 1 1% to 15%, with p < .05 in each case when compared with all patients lacking this symptom. Eighteen patients stopped because of arrhythmias, but the difference in 1 (table  3) . In addition to looking at duration on the treadmill as a continuous variable, we also looked at two "cut points": the ability to complete the 9 min protocol and the ability to exercise more than 6 min (completing 1.7 mph at 5% grade). 12 Cardiac death and the incidence of new infarction were equally related to both cut points. Duration of exercise was not related to the performance of bypass surgery. These relationships held when the patients were subgrouped by drug administration. When patients were subgrouped according to drug administration, the odds ratio of cardiac death to completion of the test was greater than 2 for patients whether or not they were taking digitalis at the time of the test, but p < .05 only for those not taking digitalis.
Maximum systolic blood pressure attained. The maximum systolic blood pressure attained during the stress test was related to cardiac mortality in the first year. Of the 57 patients who did not attain a blood pressure of 110 mm Hg, 10 (18%) suffered a cardiac death and nine (16%) had a new infarction in the first year (table  3) . There was no relationship between maximum systolic blood pressure attained and performance of bypass surgery. These relationships were not influenced by the /3-blockers or digitalis.
Development of excessive heart rate. A heart rate of 120 beats/min or greater was attained by 202 patients during the limited test, 17 of whom died within 1 year (8.4%) compared with 14 of the 464 (3%) whose heart rate did not exceed this threshold (p < .01). This end point, as anticipated, was influenced by the presence of a /3-blocking agent at the time of the test. Only 8% (17 patients) of the 207 patients taking /3-blockers developed a heart rate of more than 120 beats/min, with 12% suffering a cardiac death in the first year (compared with 3% deaths in those whose rates were less than 120 beats/min). Because of the small numbers involved, this did not reach statistical significance. The development of a heart rate greater than 120 beats/ min with exercise was related to cardiac mortality in the 187 patients taking digitalis at the time of the test (p < .001), in which 13 of the 60 patients developing a heart rate greater than 120 beats/min died of cardiac causes in the first year (22%) compared with five of the remaining 127 (4%) whose heart rates never reached this threshold. In patients who were not taking digitalis, there was no difference in mortality whether or not they exceeded the heart rate threshold (3% in each group). The results of the multiple logistic regression with bypass surgery as the end point are seen in table 4. With only clinical and demographic variables, the model selected male gender and anginal pain in the hospital before discharge. A model constructed from exercise variables alone selected ST segment depression and the development of angina during or after the stress test. Comparison of the model derived from clinical variables alone with a model constructed of the clinical and exercise variables selected from the models described above showed that the addition of exercise test variables significantly improved the correlation with bypass graft surgery (p < .01).
Prognostic stratification. The results of a prognostic stratification with the variables as determined above are presented in figure 2 . The blood pressure during exercise was not obtained in 12 subjects, so only 655 patients were stratified. The combination of an exercise blood pressure response greater than 110 mm Hg and absence of pulmonary congestion on the admission chest x-ray delineated a group of 454 patients that included 70% of all patients taking the exercise test and 52% of all postinfarction patients entered into the study. This group had a 1 year cardiac mortality rate of 1% compared with 13% in the other 201 patients performing the exercise test. The risk of subsequent myocardial infarction in this group was also low: 6% compared with 14% in the higher risk group (p < .01). A third stratification based on the ability to complete the low-level exercise test identified a group of 298 patients (46% of the patients taking the exercise test) with no deaths in the year after the infarction (figure 2).
Discussion
How FIGURE 2. Prognostic stratification with clinical and exercise variables. BP = blood pressure measured during the exercise test; duration < 9 min = duration of exercise test less than 9 min; duration = 9 min = completion of 9 min exercise protocol.
be further defined by the ability to complete the 9 min test to identify a postinfarction population of 298 patients with no mortality (figure 2). The ability to take the exercise test effectively stratified patients into high-and low-risk groups. There was a 17% mortality in the 192 patients who could not take the stress test and 6% in the 667 patients who took the test (table 2) . However, nearly half (38/77) of the deaths in the cardiac care unit survivors occurred in this "low risk" group.
In the group that did exercise, three features identified patients likely to suffer a cardiac death within the first year: (1) impaired exercise performance as manifest by the inability to achieve blood pressures greater than 110 mm Hg or to complete the 9 min test, (2) evidence of ischemia as delineated by development of angina during the test, and (3) electrical instability as manifest by arrhythmias during the monitoring period at rest, exercise, or recovery (table 3) .
The performance of bypass surgery reflected the decisions of the many private physicians whose patients participated in this study. Evidence of ischemia (angina or ST segment depression) was strongly associated with bypass graft surgery, and it is likely that the presence of ischemia on the exercise test influenced the decision to recommend and carry out bypass graft surgery. Nineteen percent of patients with ST segment depression underwent coronary bypass surgery. If surgery influences mortality or the development of a new infarction after the initial infarction, then the incidence of surgery in the study population may distort the relationship of parameters such as ST segment depression and angina to cardiac mortality. On the other hand, the studies reported by Jennings et There was an increased incidence of cardiac events, cardiac death, bypass graft surgery, and new infarction in those who had arrhythmias before, during, or after the test. The stepwise regression analysis suggested that the association of the specific arrhythmias was independent of other exercise test risk factors. The association of supraventricular arrhythmias with new infarction was surprising. In analyses such as were done in this study, where a number of variables are screened to establish associations, the possibility always exists that such an association is not valid in other populations. True validation of this concept can come only by examining other populations, ideally in a prospective manner. However, the association may in fact have clinical validity, since the importance of supraventricular arrhythmias as a risk factor (for cardiac mortality) has been established in a previous study of postinfarction mortality, in which the presence of atrial fibrillation or flutter in the cardiac care unit was strongly associated with 1 year cardiac mortality.26
The role of the other stratifying tests performed as part of the multicenter stratification project,20 Holter monitoring and radionuclide-determined ejection fraction, was not evaluated in this analysis. Clearly, the addition of these expensive tests would not have improved the identification of our low-risk group. However, further stratification of the 52% of postinfarction patients at higher risk may be improved with these modalities. 27 The analysis presented here indicates that exercise testing can be a very useful prognostic tool, particularly when combined with basic clinical data. Our study defines a large fraction of postinfarction patients with little likelihood of death in the ensuing year. Such individuals are unlikely to have a substantial improvement in longevity from any intervention. If our stratification scheme is validated in a prospective manner, it may have value in excluding minimally symptomatic or asymptomatic postinfarction patients from evaluation or treatment that has little likelihood of practical benefit. Reanalysis of the results of the Beta-blocker Heart Attack Trial study of the effect of propranolol after myocardial infarction suggests that benefit is confined to patients who suffered complicated infarctions, a result consistent with this philosophy of risk stratification after the infarction.28
The findings of Gibson et al. 29 that predischarge exercise thallium-20 1 scintigraphy was a better predictor of subsequent coronary events than coronary angiography is consistent with the data presented here. In our low-risk group of 454 patients (figure 2), 53 were operated on with one subsequent death, giving a mor-tality of 2%, similar to the mortality of 1 % in the 401 patients who were not operated on. 
